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Abstract: The  paper is investigated the application of compressed natural gas (CNG) as an alternative 
fuel and its performance effect in the diesel engines using GT-POWER computational simulation. The 
CNG as an alternative fuel for four stroke diesel engine modeling was developed from the real diesel 
engine using  GT-POWER computational  model  with  measure all of engine components size. The 
computational  model  will  be  running  on  mono  CNG  fuel  and  mono  diesel  fuel  to  simulate  and 
investigate the engine performance effect on the difference fuel. Output of the model simulation shown 
the effect of diesel engine fueled by CNG performance effect were simulated in any engine speeds 
parameters.  
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INTRODUCTION 
 
In  the  diesel  engines,  the  details  of  the  diesel 
engine  design  vary  significantly  over  the  engine 
performance  and  size  range.  In  particular,  different 
combustion  chamber  geometries  and  fuel  injection 
characteristics  are  required  to  deal  effectively  with 
major  diesel  engine  design  problem  achieving 
sufficiently rapid fuel-air mixing rates to complete the 
fuel-burning  process  in  the  time  available.  A  wide 
variety  of  inlet  port  geometries,  cylinder  head  and 
piston  shapes,  and  fuel-injection  patterns  are  used  to 
accomplish this over the diesel size range. Heywood
[6] 
written  that  the  engine  ratings  usually  indicate  the 
highest  power  at  which  manufacturer  expect  their 
products  to  give  satisfactory  of  power,  economy, 
reliability  and  durability  under  service  conditions. 
Maximum torque and the speed at which it is achieved, 
is usually given also.  
The Compressed Natural Gas (CNG) has long been 
used  in  industries  and  stationary  engines,  but  the 
application  of  CNG  as  a  transport  fuel  has  been 
considerably  advanced  over  the  last  decade  by  the 
development  of  lightweight  high-pressure  storage 
cylinders,  see  Kato
[1]  and  Sera
[9].  Most  existing  of 
natural  gas  for  vehicles  engines  use  in  the  petrol 
engines  with  modified  by  after-market  retrofit 
conversions and retain bi-fuel capability, Bakar
[2] and 
Johansson
[3].  Bi-fuelled  vehicle  conversions  generally 
suffer from a power loss and can encounter driveability 
problems, due to the design and/or installation of the 
retrofit  packages.  Significant  improvements  in  power 
and  driveability  can  be  realized  with  more 
sophisticated,  vehicle-specific  retrofit  kits,  or  in 
factory-built  bi-fuelled  vehicles.  Engine  and  vehicle 
manufacturers  are  increasingly  involved  in  the 
development  of  original  engine  equipment,  especially 
for  heavy-duty  diesel  replacement  applications, 
although many still regard the demand as too limited 
and dispersed to warrant large-scale manufacture. They 
can be derived from petrol engines or may be designed 
for the purpose. Until manufacturer original equipment 
(OE) engines are more readily available, however, the 
practice of converting diesel engines to spark ignition 
will continue, which involves the replacement of diesel 
fuelling equipment by a gas carburetor and the addition 
of an ignition system and spark plugs.  
This  paper  is  to  explore  the  application  of 
dedicated or mono fuel compressed natural gas (CNG) 
as  an  alternative  fuel  for  diesel  engines  and  its 
performance  effect  in  the  diesel  engines  using 
simulation. Dedicated natural gas engines are optimized 
for  the  natural  gas  fuel  only  using  simulation,  see 
Dyntar
[4].  
GT-POWER is the leading engine simulation tool 
used by engine and vehicle makers and suppliers and is 
suitable for analysis of a wide range of engine issues
[7]. 
GT-POWER  is  designed  applicable  to  all  type  of Am. J. Applied Sci., 5 (5): 540-547, 2008 
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internal combustion engines and provides the user with 
many components to model any advanced concept. GT-
POWER  is  based  on  one-dimensional  gas  dynamics, 
representing the flow and heat transfer in the piping and 
in  the  other  component  of  an  engine  system.  GT-
POWER  is  one  model  from  GT-SUITE  software 
applications,  Gamma  Technologies
[7].  A  four-stroke 
direct-injection  diesel  engine  typical  was  measured 
manually and modeled using GT-POWER in this paper 
to investigate the engine performance. 
The  investigation  in  this  research  is  the 
performance  effect  of  diesel  fuel  substituted  to 
compressed  natural  gas  (CNG)  fuel  as  an  alternative 
fuel for the same diesel engine specification. Its known 
that the properties of diesel fuel is difference with the 
properties  of  compressed  natural  gas  (CNG)  or 
methane. The vapor of diesel and CNG properties from 
GT-POWER  is  shown  in  Table  1.  The  objects  were 
investigated  in  this  reseach  are  brake  power,  brake 
torque,  brake  specific  fuel  consumption,  volumetric 
efficiency and pressure in cylinder.   
 
Table 1: Vapor fuel properties of diesel and CNG 
Vapor Fuel Properties  Diesel  CNG 
Carbon Atoms per Molecule  13.5  1 
Hydrogen Atoms per Molecule  23.6  4 
Oxygen Atoms per Molecule  0  1 
Nitrogen Atoms per Molecule  0  0 
Lower Heating Value (J/kg)  4.325e+007  2.111e+007 
Critical Temperature (K)  569.4  513 
Critical Pressure (bar)  24.6  79.5 
Min. Valid Temperature (K)  200  100 
Max. Valid Temperature (K)  1200  1200 
Min. Valid Pressure (bar)  0.01  0.01 
Max. Valid Pressure (bar)  2000  300 
 
Heywood
[6]  and  Ganesan
[16]  have  written  that  the 
importance of the diesel engine performance parameters 
are geometrical properties, the term of efficiency and 
other  related  engine  performance  parameters.    The 
engine  efficiencies  are  indicated  thermal  efficiency, 
brake  thermal  efficiency,  mechanical  efficiency, 
volumetric efficiency and relative efficiency. The other 
related  engine  performance  parameters  are  mean 
effective pressure,  mean piston speed, specific power 
output,  specific  fuel  consumption,  intake  valve  mach 
index, fuel-air or air-fuel ratio and calorific value of the 
fuel. 
 
Diesel  engine  performance:  In  the  diesel  engine 
geometries  design  of  Heywood
[6],  diesel  engine 
compression ratio is maximum cylinder volume or the 
displaced volume or swept  (Vd ) and clearance volume 
(Vc) divided by minimum cylinder volume (Vc).  And 
the power delivered by the diesel engine and absorbed 
by  the  dynamometer  is  the  product  of  torque  and 
angular  speed.  In  the  engine  efficiencies,  every  its 
efficiencies  defined  by  Ganesan
[16].  Indicated  thermal 
efficiency  (￿ith)  is  the  ratio  of  energy  (E)  in  the 
indicated  power  (ip)  to  the  input  fuel  energy.  Brake 
thermal  efficiency  (￿bth)  is  the  ratio  of  energy  in  the 
brake power (bp), Mechanical efficiency (￿m) is defined 
as the ratio of brake power (bp) or delivered power to 
the indicated power (ip) or power provided to the piston 
and  it  can  also  be  defined  as  the  ratio  of  the  brake 
thermal efficiency to the indicated thermal efficiency. 
Relative efficiency or efficiency ratio (￿rel) is the ratio 
of thermal efficiency of an actual cycle to that of the 
ideal cycle, the efficiency ratio is a very useful criteria 
which  indicates  the  degree  of  development  of  the 
engine.  Ganesan 
[16]  written  that  the  one  of  the  very 
important parameters which decides the performance of 
four-stroke engines is volumetric efficiency (￿v), where 
four-stroke  engines  have  distinct  suction  stroke  and 
therefore  the  volumetric  efficiency  indicates  the 
breathing  ability  of  the  engine.  The  volumetric 
efficiency is defined as the volume flow rate of air into 
the  intake  system  divided  by  the  rate  at  which  the 
volume is displaced by the system. The normal range of 
volumetric efficiency at full throttle for SI engines is 
80% to 85% and for CI engines is 85% to 90%. The 
other  related  engine  performance  was  defined  by 
Heywood
[6],  Bakar
[13],  Kowalewicz
[14],  Stone
[15],  and 
Ganesan
[16].  
Mean  effective  pressure  (mep)  where  nR  is  the 
number of crank revolutions for each power stroke per 
cylinder (two for four-stroke, one for two-stroke cycles) 
as: 
N V
Pn
mep
d
R =      (1) 
 
The measure of an engine’s efficiency  which  will be 
called  the  fuel  conversion  efficiency  is  given  by 
Heywood
[6]: 
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P
m
sfc
f =                                 (3) 
 
In engine testing, both the air mass flow rate ma and the 
fuel mass flow rate mf are normally measured. The ratio 
of  these  flow  rates  is  useful  in  defining  engine 
operating conditions are air/fuel ratio (A/F) and fuel/air 
ratio (F/A).  
The following relationships between diesel engine 
performance parameters can be developed.  
 
For power P: 
 
R
HV a f
n
A F NQ m
P
) / ( h
=                (4) 
 
2
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For torque T: 
 
p
r h h
4
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T
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For mean effective pressure: 
 
mep =  ) / ( , A F Q i a HV v f r h h                (7) 
 
The specific power or the power per unit piston area is 
a measure of the engine designer’s success in using the 
available  piston  area  regardless  of  cylinder  size.  The 
specific power is: 
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Mean piston speed: 
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Heywood[6]  written  that  specific  power  is  thus 
proportional to the product of mean effective pressure 
and mean piston speed. These relationship illustrate the 
direct importance to engine performance of high fuel 
conversion  efficiency,  high  volumetric  efficiency, 
increasing the output of a given displacement engine by 
increasing the inlet air density, maximum fuel/air ratio 
that can be useful burned in the engine and high mean 
piston speed. 
 
Diesel  engine  thermodynamics:  Ramadhas
[10]  was 
analyzed  the  single  zone  thermodynamic  model  was 
used  for  analyzing  the  performance  characteristics  of 
four  stroke  direct  injection  diesel  engines.  The 
following fundamental assumptions have been made of 
cylinder charge is a homogeneous gas mixture of fuel 
vapor  and  air,  pressure  and  temperature  inside  the 
cylinder are uniform and vary with crank angle, specific 
heats  of  the  gaseous  mixture  are  calculated  as  a 
function  of  temperature,  as  the  combustion  should 
always be of lean mixture, this leads to temperatures at 
which  dissociation  does  not  have  much  effect  on 
thermodynamic  performance  of  the  engine.  Thus  the 
assumptions in dissociation with single zone model are 
generally acceptable for diesel engine simulations. 
The energy balance equation for the Ramadhas
[10] 
can be written in differential form as: 
 
q q q q d
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                                (10) 
 
With a minor rearrangement and substitution for 
various terms, Eq. (10) can be written as : 
 
q q q q d
dV
RT
d
dT
hA
d
dQ
d
du
m
r - - =                            (11) 
 
Using  engine  kinematics  the  cylinder  volume  at  any 
crank  angle  can  be  computed  using  the  following 
equation: 
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The first derivative of Eq. (12) gives the rate of change 
of cylinder volume with respect to crank angle: 
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The gas properties are functions of temperature and 
its  composition  has  investigated  by  Riegler
[5], 
Ramadhas
[10], Ghojel
[11] and Lapuerta
[12]. The maximum 
temperature can be achieved for that system where the 
combustion is complete and the system is adiabatic and 
is known as adiabatic flame temperature. It depends on 
the  chemical  composition  of  the  reactant  mixture, 
pressure  and  temperature  of  the  mixture  and 
combustion  process.  A  hydrocarbon  fuel  can  be 
represented by CxHyOz. The chemically correct amount 
of oxygen (Ycc) required for combustion per mole of 
fuel can be written as: 
 
YCC = mC + 0.25mH – 0.5mO                           (14) 
 
The  minimum  amount  of  oxygen  required  (Ymin)  for 
combustion  in  the  reactants  per  mole  of  fuel  i.e.  to 
convert H2 to H2O and C to CO can be expressed as: 
 
Ymin = YCC – 0.5mC                                          (15) 
 
Here  mC,  mH  and  mO  are  respectively  the  number  of 
moles of carbon, hydrogen and oxygen atoms in one 
mole  of  fuel.  Heat  release  due  to  combustion  is 
calculated  by  using  single  Weibe’s  heat  release 
correlation. 
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Ignition delay is the time period between the start of 
injection of fuel and beginning of its combustion. It is a 
complicated function of mixture temperature, pressure, 
equivalence ratio and the fuel properties.  
 
( ) ￿ ￿ = = -
ign
inj
inj
ign
inj
t
t q
t
t
t t RT E t p
dt
K T p t
dt
1
) ( / exp )) ( (
1
) , (
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The values of various constants appearing in Eq. (17) 
corresponding to direct injection diesel engines are K = 
2272, q = -1.19, E/R = 4650.   
During the intake and compression processes heat 
flows from the cylinder wall to working fluid, whereas 
during all other processes heat flows from the working 
medium  to  wall,  Ramadhas
[10].  The  amount  of  heat 
exchange between gases to wall as well as wall to gas is 
considerable  and  hence  it  directly  affects  the  engine 
performance and its life. The method of computation of 
heat transfer coefficient due  to convection is  the  key 
factor, which controls the order of magnitude of the rate 
of  heat  transfer.  The  convection  heat  transfer,  qc  in 
kJ/degree is given by: 
 
qc = hA(Tg – Tw)￿t                 (18) 
The heat transfer coefficient, h in W/m
2K is evaluated 
by using Hohenberg’ equation given by: 
 
4 . 0 06 . 0
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Here VC is the cylinder volume (m
3), Cm is the mean 
piston speed (m/s). 
 
MATERIALS AND METHODS 
 
The single cylinder direct injection diesel engines 
have been modeled and simulated using diesel fuel and 
compressed  natural  gas  fuel  in  this  paper.  The 
specification of the engine is presented in Table 2.  
To simulate the engine performance in this paper, the 
research start on developed the GT-POWER of single-
cylinder  four-stroke  direct-injection  diesel  engine 
modeling. The model is done step by step, the first step 
is open all of the selected diesel engine components to 
measure  the  engine  components  part  size.  Then,  the 
engine components size data will be input to the GT-
POWER library of the all engine components data. To 
create the GT-POWER model, select Window and then 
Tile with Template Library from the menu. This will 
place the GT-POWER template library on the left hand 
side of the screen. 
 
Table 2: Diesel engine specification 
Engine Parameters  Value 
Bore (mm)  86.0 
Stroke (mm)  70.0 
Displacement (cc)  407.0 
Number of cylinder  1 
Connecting rod length (mm)  118.1 
Piston pin offset (mm)  1.00 
Intake valve open (
0CA)  395 
Intake valve close (
0CA)  530 
Exhaust valve open (
0CA)  147 
Exhaust valve close (
0CA)  282 
Maximum intake valve open (mm)  7.095 
Maximum exhaust valve open (mm)  7.095 
Valve lift periodicity (deg)  360 
 
The template library contains all of the available 
templates  that  can  be  used  in  GT-POWER.  Some  of 
these templates those that will be needed in the project Am. J. Applied Sci., 5 (5): 540-547, 2008 
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need to be copied into the project before they can be 
used to create objects and parts. For the purpose of this 
model, click on the icons listed and drag them from the 
template library into the project library. Some of these 
are templates and some are objects that have already 
been defined and included in the GT-POWER template 
library,  Gamma  Technologies
[7].  In  this  model  the 
engine according to Bakar
[8] was breakdown to the tree 
system,  there  are  intake  system,  engine  cylinder  and 
fuel  injection  system,  and  exhaust  system.  In  the 
selected diesel engine, the intake system its have any 
component,  size  and  different  data.  The  system  was 
started  from  environment  till  the  intake  valve.  The 
engine cylinder and fuel injection system is focused in 
engine cylinder performance  were  support diesel  fuel 
from fuel injection system, fresh air intake system and 
exhaust  gas  to  exhaust  system.  There  are  any 
components  in  the  engine  cylinder  and  fuel  injection 
system in the diesel engine. The components, size and 
data  must  be  record  and  inserted  to  the  GT-POWER 
form. The components are injector, cylinder and engine. 
The  last  system  in  the  diesel  engine  is  the  exhaust 
system. In this system was started from exhaust valve 
and  finished  in  the  environment.  All  of  this  diesel 
engine  components  connected  by  orifficeconn.  Then, 
the  modeling  the  diesel  engine  model  using  GT-
POWER  software  in  this  research  can  be  developed. 
Data  component  and  fuel  nozzle  hole  needed  for 
building an engine model. A list of information that is 
needed to build a model in GT-POWER is included in 
library. Not every item will be needed for all models. If 
the  model  is  being  built  at  an  early  design  stage, 
determining optimal values for some of the items listed 
may be the purpose of the simulation. If this is the case, 
those  particular  attributes  should  be  defined  as 
parameters and run for a series of cases to determine an 
optimal value.  
Data  in  engine  characteristics  are  compression 
ratio, firing order, inline or  V configuration, V-angle 
(optional), 2 or 4 stroke. Data in cylinder geometry are 
bore, stroke, connecting rod length, pin offset, piston 
TDC clearance height, head bowl geometry, piston area 
and  head  area.  Data  in  intake  and  exhaust  system  is 
geometry  of  all  components.  Data  in  throttles  are 
throttle  location  and  discharge  coefficients  versus 
throttle  angle  in  both  flow  directions.  Data  in  fuel 
injectors are location and number of injectors, number 
of nozzle holes and nozzle diameter, injection rate, fuel 
type and LHV. Data in intake and exhaust valves are 
valve diameter, lift profile, discharge coefficient, valve 
lash.  Data in ambient state are pressure, temperature 
and  humidity.  Performance  data  can  be  very  useful 
when  tuning  a  model  after  it  has  been  built.    This 
research  is  focuses  in  diesel  engine  fuel  changed  to 
compressed  natural  gas  simulation.  The  GT-POWER 
model development of single cylinder direct injection 
diesel engine is shown in Fig. 1.  
 
 
Fig. 1:  Single cylinder direct injection diesel engine model using GT-POWER 
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In  the  GT-POWER  model  data  entries,  air  with 
compositions of 76.7% N2 and 23.3% O2 at pressure 1 
bar and temperature 26.85ºC is being input to env-01. 
The properties for env-02 are similar with env-01. The 
intake  system  consists  of  intrunner  airfilter  or  intake 
runner for air filter, airfilter-01 and intrunner-01. These 
diesel  engine  parts  represent  the  intake  system  pipes 
with  specific  parameters  as  shown  in  Table  3.  The 
diesel  engine  exhaust  system  of  GT-POWER  model 
consists  of  exhport-01,  exhrunner-01,  muffler-01  and 
exhrunner-exit-01.  These  diesel  engine  parts  also 
represent  the  exhaust  system  pipes  with  specific 
parameters as shown in Table 4. In the diesel engine 
model using GT-POWER, intvalve-01 represents intake 
valve  and  exhvalve-01  represents  exhaust  valve.  The 
diesel engine component parameters of these valves are 
shown in Table 5. 
 
Table 3: Engine parameters for intake system data 
  Intrunne 
airfilter 
Airfil 
ter-01 
Intrun 
ner-01 
Int 
port-01 
Dia. inlet end 
(mm)  44.8800  159.63  40.44  40.69 
Dia. outlet end 
(mm)  62.13  159.63  40.1  32.78 
Length (mm)  80  69.64  59.7  55.2 
Disc. length (mm)  34.4  34.4  34.4  34.4 
Wall temperat. 
(ºC)  28.85  28.85  76.85  176.85 
 
Table 4: Engine parameters for exhaust system data 
  exhport
-01 
exhrun
ner-01 
Muffler
-01 
exhrun
ner-
exit-01 
Dia. inlet end (mm)  26.38  27.86  138.88  34.6 
Dia. outlet end (mm)  29.82  27.86  138.88  34.6 
Length (mm)  40.4  98  283.4  25.6 
Disc. length (mm)  47.3  47.3  47.3  47.3 
Wall temperat. (ºC)  480  480  480  480 
 
Table 5: Engine parameters for intake and exh. Valves 
  Intvalve-
01 
Exhvalve-
01 
Valve diameter (mm)  35.54  29.04 
CAM timing angle (ºCA)  462.5  214.6 
Valve lash (mm)  0.125  0.125 
 
RESULTS AND DISCUSSION 
 
The  GT-POWER  simulation  results  for 
performance comparative of diesel engine fuelled using 
diesel fuel and CNG fuel are shown in Fig. 2, Fig. 3 and 
Fig. 4.   
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Fig. 2: Brake power performance of engine 
 
Figure 2 shows that the diesel fuel is being used in the 
engine, the brake power changes from 0.09 kW at 200 
rpm to 2 kW at 4000 rpm. The peak value is 4.3 kW at 
3000 rpm which is the maximum brake power for diesel 
fuel.  Meanwhile  when  CNG  fuel  is  being  used  the 
brake power changes from 0.04 kW at 200 rpm to 2.4 
kW at 4000 rpm. The maximum brake power for CNG 
fuel  is  2.4  kW  at  4000  rpm.  By  comparison,  the 
maximum brake power of engine will reduce 44% when 
using  CNG  as  fuel.  The  brake  power  performance 
effect of engine fuelled by diesel fuel and CNG fuel is 
shown in Fig. 2. 
0
2
4
6
8
10
12
14
16
18
20
0 1000 2000 3000 4000
RPM
B
r
a
k
e
 
T
o
r
q
u
e
 
(
N
m
)
Diesel CNG
 
Fig. 3: Brake torque performance of engine  
 
The  brake  torque  versus  rpm  performance  of 
engine fuelled by diesel fuel and CNG fuel is shown in 
Fig.  3. For diesel fuel, the brake torque changes from 4 
Nm at 200 rpm to 4.9 Nm at 4000 rpm. There are three 
peak values; 12.6 Nm at 1000 rpm, 13.5 Nm at 1500 
rpm and 14.4 Nm at 2700 rpm. The maximum brake 
torque is 14.4 Nm at 2700 rpm. Meanwhile, for CNG 
fuel, the brake torque changes from 1.7 Nm at 200 rpm 
to 5.6 Nm at 4000 rpm. The maximum brake torque for 
this fuel is 7.3 Nm at 2400 rpm. By comparison, the 
maximum brake torque will reduce by 49 % when using 
CNG as fuel. Am. J. Applied Sci., 5 (5): 540-547, 2008 
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Fig. 4: Brake specific fuel consumption of engine  
 
The  brake  specific  fuel  consumption  of  engine 
fuelled by diesel fuel and CNG fuel is shown in Fig.  4. 
For  diesel  fuel,  the  brake  specific  fuel  consumption 
changes from 1232 g/kWh at 200 rpm to 1025 g/kWh at 
4000 rpm. The minimum brake specific fuel for diesel 
fuel is 349 g/kWh at 2800 rpm. Meanwhile, for CNG 
fuel, the brake specific fuel consumption changes from 
2940 g/kWh at 200 rpm to 891 g/kWh at 4000 rpm.  
The minimum value for this fuel is 691 g/kWh at 2400 
rpm. By comparison, the minimum brake specific fuel 
consumption will increase 49 % when using CNG as 
fuel. 
The usage of CNG in the small diesel engine will 
increase brake specific fuel consumption and reduction 
in  terms  of  brake  power  and  brake  torque.  This  is 
because  of  gas  (CNG)  fuel  will  reduce  volumetric 
efficiency compared to liquid (diesel) fuel as shown in 
Fig. 5. 
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Fig. 5: Volumetric efficiency of engine  
 
Another  factor  that  must  be  considered  is 
composition of hydrocarbon for each fuel. Diesel fuel 
which  have  higher  hydrocarbon  than  CNG  fuel,  will 
give more energy to the engine as shown in Fig. 6, Fig. 
7  through  Fig.  8.  At  1000 rpm  ignition  process  will 
occur at 5.7 and 4.5 degree crank angle for diesel and 
CNG respectively. The effect from this combustion will 
cause diesel fuel generates pressure 81 bar compare to 
CNG that will generates 70 bar. The pressure reduction 
is 8% from diesel fuel pressure. At 2000 rpm ignition 
process will occur at 5.7 and 5.5 degree crank angle for 
diesel and CNG respectively. The pressures that will be 
generated are 76 bar and 67 bar for diesel fuel and CNG 
fuel  respectively  as  shown  in  Fig.    7.  The  pressure 
reduction is 12% from diesel fuel pressure. 
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Fig. 6: Pressure engine with crank angle at 1000 rpm 
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Fig. 7: Pressure engine with crank angle at 2000 rpm 
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Meanwhile at 3000 rpm, ignition process will occur at 
6.2 and 5.1 degree crank angle for diesel fuel and CNG 
fuel respectively. The pressures that will be generated 
are 82 bar and 71 bar as shown in Fig.  8. The pressure 
reduction is 13% from diesel fuel pressure. 
 
CONCLUSION 
 
From these simulations of diesel engine fueled by 
compressed natural gas performance using GT-POWER 
simulation studies, it is observed that CNG can be used 
as  an  alternative  fuel  into  diesel  engine.  The  studied 
parameters  show  that  there  are  reduction  by  44%  in 
brake power, 49% in brake torque and addition of 49% 
in brake specific fuel consumption. To ensure that the 
percentage  can  be  reduced,  the  engine  needs  some 
modification. For further research, experimental study 
will be conducted to validate the simulation results and 
to reduce the percentages for the mentioned parameters. 
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